02- 1 -23 ; 20 : 3 8 m'mKm 



D i c k s t e i n 



;81335030250 



# 5/ 92 



COMMUNICATION NETWORK, WAVELENGTH DIVISION MULTIPLEX 
TRANSMISSION EQUIPMENT, OPTICAL SWITCH EQUIPMENT, AND 
OPTICALATTRIBUTE/STATE ADMINISTERING METHOD FOR THEM 

Background of the Invention! 

This invention broadly relates to a communication network, a wavelength 
multiplexing device, an optical switch equipment, and an optical link 
attribute/state administering method for them. 

More specifically, this Invenfion is directed to a method for administering 
the attributes and states of optical links between transparent optical switch 
equipments in a communication network including a number of optical switch 
equipments connected with each other by using WDM (Wavelength Division 
Multiplex) transmission equipments. 

In a conventional trunk optical communication network, a plurality of 
optical switch equipments are mutually connected in a mesh-shape via optical 
fibers. On these optical fibers, signals, which are wave-multiplexed by the use of 
a WDM transmission equipment, are transmitted. Herein, the wavelength 
multiplexing number per optical fiber is equal to 100 at the maodmum. 

The above-mentioned optical switch equipments are classified Into two 
types. One type corresponds to an opaque optical switch equipment which once 
photo-electricaily converts an optical signal into an electric signal via interlace. In 
the opaque optical switch equipment, electric signal processing thereof is 
restricted in signal rate to a constant value. However, control signals can be 
easily and advantageously exchanged between optical switch equipments. 

Another type corresponds to a transparent optical switch equipment 
without use of photo-electrtc conversion. In such a transparent optical switch 
equipment, general switching of wavelength-muitlpiexed signals as well as 
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switching for signals of an arbitrary signal rate or signal format can be carried out 
advantageously. On the contrary, the control signals can not be readily 
exchanged between the optica! switches without the electric signal processing. 

Under above-described circumsteince, tiie optical switch equipment 
functions as to the transparent optical switch equipment for some interfaces. 
The optical switch serves as the transparent optical swtch in a wide sense even 
when the electric signals are processed via the other interface. The transparent 
optical switch nonnally serves as a part of optical fibers, and therefore Is seldom 
H switched as a svwtch de^rice. 

3 The optical switch equipment is connected not only with another optical 

switch equipment but also with a device acting as a client of the trunk optical 

yj communication network, such as the SONET (Synchronous Optical Network), the 

Q ATM (Asynchronous Transfer Mode) switch and the IP (Internet Protocol) router. 

The trunk optk^al communication netwoilt provides cptk^al paths between 
a plurality of client devices by employing one or more wavelengths. The optical 
paths are set up so as to lead from an Input optical switeh equipment connected 

J with a client device through a plurality of relay optical switch equipment to an 

output optical switch equipment connected with another client device. 

In such a trunk optical communication network, the optica! paths are 
administered In dependency upon multiple administrative hierarchies. These 
administrative hierarchies include an optical path section between client devices, 
an optical path relay section between wavelength converters or 3R (Reshaping, 
Retiming and Regeneration) regenerating relays, an optical-multiplex-sectlon 
(CMS) between WDM transmission equipments, and an optical-transmission- 
section (GTS) between optical amplifiers (amplifiers). 

According to these administrative hierarchies, administrations are 
perfonned so as to set up or release optical paths and to detect or recover faults. 
As illustrated in Fig. 1, one optical path relay section of a wavelength X 1 is 
defined between an opaque optical switch equipment #1 and an opaque optical 
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switch equipment #3, each having a wavelengtti converter. This optical path 
relay section includes a transpar^t optical switch equipment #2 and two optical 
multiplex sections. 

Referring to Fig. 1, wavelength converters 70 to 75 and WDM 
transmission equipments 91, 92 are connected between the opaque optical 
switch equipment #1 and the transparent optical switch equipment #2 via the 
optical amplifier #1 . While, the WDM transmission equipments 93 and 94 are 
connected between the transparent optical switdi equipment #2 and the opaque 
optical switch equipment #3 through the optical amplifier #2. Herein, it is noted 
that reference numerals 80 to 85 designate wavelength converters, and reference 
numerals 90 and 95 designate WDM transmission equipments, respectively. 
Meanwhile, the technique for administering the networl^ according to such 
administrative hierarchies is disclosed in Japanese Unexamined Patent 
Publication No. 2000-183853. 

In the above-mentioned trunk optical communication network, tiie optical 
paths are dynamically set up and released on the basis of a demand from a client 
device. The route control softwares installed on the respective optical switch 
equipments compute or calculate an optimum optical path route reaching the 
optical switch equipment connected with an address client device, thereby 
producing a route table describing tte conoesponding relations with respect to 
output interfaces between an optical switch equipment connected with the 
address client device and an own optical switch equipment for setting up the route 
ofthe optical path. 

The computed optical paths are set up and released for every hierarchies 
in accordance with the administrative layer. In the system shown in Fig. 1 , for 
example, the relay optical switch equipments #1 and #3 atong the optical path are 
selected so as to set up and released the optical paths in the optical path ralay 
section, thus setting up the optical path relay section to the wavelength X 1 . 
The setup of the optical switch equipment is earned out on the control channel, 
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which is preliminarily provided between the optical switch equipments, by 
exchanging the control messages with respect to the address or the Identification 
No. of the optical path mutually. Herein, the technique of this control channel is 
disclosed in Japanese Unexamined Patent Publication No. 2000-004460. 

In the above-described conventional communication network, however, 
no administrative hierarchy for administering the sections between adjoining 
optical switch equipments exists. Consequently, the transparent optical switch 
equipment will be administratively regarded as a part of the optical fibers laid in 
the qstlcal path relay section even when the transparent optical switch equipment 
exists in the optical path relay section, as illustrated in Fig. 1 , This makes it 
impossible to recognize the section between the interlace of the transparent 
opticat swritch equipment and the interface of the adjoining optical switch 
equipment, as an administration target independent as the optical link. Not only 
the transparent optical switch equipment but also the aforementioned optical link 
is not recognized as ttie setting target during setting up and releaseing the optical 
path. 

In the control channel, which is preliminarily provided separately of the 
optical link between the optical switch equipments, the control message cannot 
be exchanged for every optical links. Further, such a control channel is not 
arranged between the optical svtritch equipment and the WDM transmission 
equipment contained in the optical multiplex sectfon. Therefore, the control 
message cannot be exchanged between tte optksal switch equipment and the 
optical multiplex section. Moreover, the optical switch equipment cannot obtain 
infomiation upon the attributes of the optical link specified by the optical multiplex 
section. Accordingly, the automatic discovery of the attributes and the 
administration of the state of the optical link specified by both the adjoining optical 
switch equipments and the optical multiplex section cannot be canled out by 
utilizing the conventional technique of the control channel. 
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in addition, tiie attributes of the optical link between the optical switch 
equipments cannot be discovered. Therefore, the mutual connection relations 
between the interfaces of the optical switch equipments cannot be autonomously 
discovered so that the route control software cannot produce the route table ' 
automatically. 

Therefore, In the case where at least one of two adjoining optical switch 
equipments corresponds to the transparent optical switch equipment, the 
attributes of the optical link leading fifom the output interfaces (IF) of the optical 
switch equipment through the optical multiplex section to the Input Interfaces of 
the adjoining <^tical smtch equipment can not be automatically discovered to 
administer the state at the unit of optical link. 

Further, when the optical switch equipment sets up the optical path to 
another optical switch equipment the optical switch equipment cannot 
autonomously determine an output interface to be employed. Therefore, it is 
necessary to manually set up the route table describing the corresponding 
relattons between the optical switch equipment connected with an address client 
device and the output interfiaces of an own optical switch equipment for setting up 
the route of the optical path. 

Sumnriary nf tha inwnting' 

It is therefore an object of the this Invention to provide a communication 
network, a wavelength multiplexing device, an optical switch equipment and an 
optical link attribute/state administering metiiod which are capable of 
autonomously discovering the attributes of every optical links and the mutual 
connection relations between the interfaces of optfcal switch equipments to 
administer the states at the unit of optical link when at least one of two adjoining 
devices corresponds to a transparent optical switch equipment. 

According to a first aspect of the invention, a communication network has 
a plurality of optical communication devices connected with each other. 
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With this structure, uni-directional in-band control channels are provided 
in every optical links leading from the output interlaces of one of adjoining first 
and second optical communication de>rices to the input Interfaces of the other of 
the first and second optical communication devices, between the interlaces of the 
first and second optical communication devices along and for the every optical 
linl<s. 

An out-band control channel is provid«l between the first and second 
optical communication devices. 

Under this circumstance, the first and second optical communication 
devices Include: control channel terminators for terminating the uni-directional in- 
band confrol channels and tiie out-band control channel; and optical (ink 
controllers for administering tiie every optical links by exchanging control 
messages through tiie control channel terminators. 

According to a second aspect of the invention, a communication netvwork 
has a plurality of optical communication devices connected with each other. 

With this structure, a first uni-directional in-band control channel is 
provided in every downstream optical links leading from the output interfaces of 
one of adjoining first and second optical communication dewces to the Input 
interfaces of the other of the first and second optical communication devices, 
between the interfaces of the first and second optical communication devk»s 
along and for tiie every downstream optical links. 

A second uni-directional in-band control channel is provided in every 
upstream optical links leading from the output interfaces of the ottier of the first 
and second optical communication devices to the input interfaces of the one of 
the first and second optical communication devices, between the interfaces of the 
first and second optical communication devices along and for the every upstream 
optical links and directed In the direction opposite to tiie control channel In the 
downstream optical links. 
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Under this circumstance, the first and second optical communication 
devices include: control channel temiinatore for terminating the first and second 
uni"dlrectlonal In-band control channels, respectively; and optical link controllere 
for administering the every optical links by exchanging control messages through 
the control channel terminators. 

According to a third aspect of the invention, a communication network has 
a plurality of optical communication devices (»nnected with each other. 

With this structure, a bi-directional in-band control channel is provided in 
every optteal links leading from the output interfaces of one of adjoining fiist and 
second optical communication devices to the input Interfaces of the other of the 
first and second optical communication devices, between the interfaces of the first 
and second optical communioation devices along and for the every optical links. 

Under this circumstance, the first and second optical communication 
devices include: a control channel temninatorfbrtemnlnating the bi-directional in- 
band control channels; and optical link controllers for administering the every 
optical links by exchanging control messages through the control channel 
tenninators. 

According to a fourth aspect of the invention, a communication network 
has a plurality of optical communication devices connected with each other 
through WDM transmission equipments. 

In this condition, a first uni-directtonal In-band control channel is provided 
In every optical links leading from the output interfaces of one of first and second 
optical communication devfces, which adjoin each other through an optical 
multiplex section including at least one set of opposed WDIVI transmission 
equipments and an arbitrary number of optical amplifiers between the opposed 
WDM transmission equipments, to the input interfaces of the ofter of the first and 
second optical communication devices through the optical multiplex section, 
between the Interfaces of the first and second optical communication devices and 
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the ports of the WDM transmission equipments connected with the interfaces, 
along and for the every optical links. 

A second unl-dlrectional inHaand control channel is provided in the optical 
multiplex section between the output ports of one of the opposed WDM 
transmission equipments and the input ports of the other, along the optical Units. 

An out-band control channel is provided betvween the first and second 
optical communication devices. 

Under this circumstance, the first and second optical communication 
devices include: control channel temriinators for temilnating the first uni- 
directional in-band control channels and the out-band control channel; and optical 
link controllers for administering the every optical links by exchanging control 
messages through the control channel terminators. 

The opposed WDM transmission equipmente Include: control channel 
terminators for terminating the first and second uni-direcUonal In-band control 
channels; and optical link controllers for administering the every optical links by 
exchanging control messages through the control channel terminators. 

According to a fifth aspect of the invention, a communication network has 
a plurality of optical communication devices connected with each other through 
WDM transmission equipments. 

With this structure, a first uni-direcBonal in-band control channel is 
provided in every downstream optical links leading from the output interfaces of 
one of first and second optical communication devices, which adjoin each other 
through an optical multiplex sectrarr Including at least one set of opposed WDM 
transmission equipments for transmitting downstream and upstream signals 
individually and an arbitrary number of optical amplifiers between the opposed 
WDM transmission equipments, to the input interfaces of the other of the first and 
second optical communication devices through the optical multiplex section, 
between the Interfaces of the first and second optical communication devices and 
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the ports of the WDM transmission equipments connected with the interfaces, 
along and for tiie e\^ry downstream optical links. 

A second uni-directiona) in-band control channel is provided In the optical 
multiplex section between the output ports of one of the opposed VJDhA 
transmission equiiMnents for transmitting tiie downstream signals and the input 
ports of the other, along the downstream optical llnl<s. 

A third uni-dlrectional in-band control channel is provided in every 
upstream optical links leading from the output interfaoes of the other optical 
communication device of the first and second optical communication devices 
through the optical multiplex secb'on to the Input interfaces of the one optical 
communication device of the first and second optical communication devices, 
between the interfaces of the first and second optical communication devices and 
the ports of the WDM transmission equipment connected with the interfaces, 
along and for the every upstream downstream optical links and directed in the 
direction opposite to tiie control channels In the downstream optical links. 

A fourth uni-directional in-band control channel is provided in the optical 
multiplex section between the output ports of one of the opposed WDM 
transmission equipments for transmitting the upstream signals and the input ports 
of the other and directed in the direction opposite to the control channels in the 
downstream optical links, along the upstream optical links. 

Under this circumstance, the first and second optical communication 
devices include: control channel tennlnators for terminating the first and third uni- 
directional in-band control channels; and optical link controllers for administering 
the every optical links by exchanging control messages through the control 
channel tenninators. 

The opposed WDM transmission equipments for transmitting the 
downstream signals include: control channel terminators for temiinating the first 
and second unl-directional in-band control channels; and optical link controllers 
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for administering the every optical links by exchanging control messages through 
the control channel temninators. 

The opposed WDM transmission equipments for transmitting the 
upstream signals include: control channel tsmfilnators for terminating the third and 
fourth uni-directional In-band control channels; and optical link controllere for 
administering the every optical links by exchanging control messages through the 
control channel terminators. 

According to a sixth aspect of the invention, a communication network 
has a plurality of optical communication devices connected with each other 
Q through WDM transmission equipments. 

Jj In this condition, a first bl-dirBclional in-band control channel is provided 

t: ^very optical links leading from the output interfaces of one optical 

Q communication device of first and second optical communication devices, which 

Q adjoin each other through an optical multiplex section Including at least one set of 

Jj* opposed WDM transmission equipments and an arbitrary number of optical 

j;:: amplifiers between the opposed WDM transmission equipments, to the Input 

J interfaces of the other optical communication device of the first and second 

optical communication devices through the optical multiplex section, between the 
interfaces of the first and second optical communication devices and the ports of 
the \NOM transmission equipments connected with the Interfaces, along and for 
the every optical links. 

A second bi-directional in-band control channel is provided In the optical 
multiplex section between the output ports of one of the opposed WDM 
transmission equipments and the input ports of the other, along the optical links. 

Under this circumstance, the first and second optical communication 
devices include: control channel terminators for terminating the first bi-directional 
in-band control channel; and optical link controllers for administering the every 
optical links by exchanging control messages through the control channel 
tenninators, and 
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The opposed WDM transmission equipments include: control channel 
terminators for terminating the first and second bi-directional in-band control 
channels; and optical link controllers for administering the every optical linlcs by 
exchanging control messages through the control channel terminators, 

According to another first aspect of the invention, there is provided a 
WDM transmission equipment for fomiing an optical multiplex section together 
with opposed devices and an arbitrary number of optical amplifiers between the 
opposed devices. 

With this condition, a uni-dlrectionai in-band control channei Is provided in 

the optical multiplex section between the input/output ports of the opposed 

devices and along ail optical links through the optical multiplex section; 

A control channel temiinator terminates the uni-directional in-band control 
channel. 

Optical link controllers administer the every optical links by exchanging 
control messages through the control channel temilnators. 

According to another second aspect of the inventton, there is provided a 
WDM transmission equipment for fomiing an optical multiplex section together 
with opposed devices for transmitting downstream and upstream signals, 
respectively, and an arbitrary, number of optical amplffiers between the opposed 
devices. 

In this conditran, a first unl-dlrecHonal In-band control channel is provided 
In the optical multiplex section between the Input/output ports of the opposed 
devices and along all downstream optical links through the optical multiplex 
section. 

A second uni-directional in-band control channel is provided in the optical 
multiplex section between the input/output ports of the opposed devfces and 
along all upstream optical links through the opOcal multiplex section and directed 
in the direction opposite to the control channels In the downstream optical links. 



02- 1 -23 ;20!36 ;«.»fF^ 



Di ckstei n 



181335030250 



# 16/92 



12 

A control channel terminator temiinates the first and second uni- 
directional in-band control channel. 

Optical link controllers administer the every optical links by exchanging 
control messages through the control channel terminators. 

According to another third aspect of the invention, there is provided a 
WDM transmission equipment for forming an optical multiplex section together 
with opposed devices and an arbitrary number of optical amplifiers between the 
opposed devices. 

S^;= VVrth this structure, a bi-directional in-band control channel is provided in 

2 the optical multiplex section between the input/output porte of the oppoa&d 

g devices and along all optical links through the optical multiplex section, 

if A control channel terminator terminates the bi-directional in-band control 

channel. 

J,. Optical link controllers administer the every optk;al links by exchanging 

control messages through the control channel terminators. 
j;5 According to another first aspect of the invention, there is provWed an 

P optical link attfibutefetate administrating method for a communication network 

having a plurality of optical communication devices connected with each other 

Under this condition, an optica! Iinl< section leading from the output 
interfaces of a first optical communication device of a transmission source to tiie 
input interfaces of an adjoining second optical communication device is defined. 

In-band control channels are provided for every optical links between the 
first and second optical communication devices; and exchanging the optical link 
attributes, as specified by the interfaces of the first and second optical 
communication devices, as control messages through the in-band control 
channels. 

According to another second aspect of the invention, there is provided an 
optical link attribute/state adminisb^ting method for a communication network 
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having a plurality of optical communication devices connected with each other 
through a WDM transmission equipMnent 

Under this asndifion, an optical linlc section leading fix>m the output 
interfaces of a first optica] communication device of a transmission source to the 
input interfiaces of an adjoining second optical communication device is defined. 

In-band control channels are provided for every optical links along optical 
links between the first and second optical communication devices and an Optical 
multiplex section; and exchanging the optical link attributes, as specified by the 
interfaces of the first and second optical communication devices, and the optical 
link attributes, as specrfled by the optical multiplex sectfon, as control messages 
through the in-band control channels. 

According to another first aspect of the invention, there is provided an 
optical switch equipment wherein the common portion of attribute infomiations 
owned by individual devices In an optical link, to which an own device belongs, is 
the attribute information of the optical link. 

According to another second aspect of the Invention, there is provided an 
optical switch equipment connecled with adjoining optical communication device. 

With this structure, uni-directional in-band control channels are provided 
in every optical links leading from output interfaces to the input interiaoes of the 
adjoining optical communication devices, between the interfaces of the adjoining 
optical communication devices for the every optical links. 

An out-band control channel is provided between the adjoining optical 
communication devices. 

Control channel terminators tenninates the uni-directional in-band control 
channel and the out-band control channel. 

Optical link controllers administer the every optical links by exchanging 
control messages through the control channel teminators. 

According to another third aspect of the invention, there is provided an 
optical switch equipment connected with adjoining optical communication device. 
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In this condition, a first uni-directional in-band control channel is provided 
in every downstream (^tical linlcs leading from output interfaces to the input 
interfaces of the adpning optical communication devices, between the Interfaces 
of the adjoining optical communication devices for the every downstream optical 
links. 

A second uni-directional in-band control channel is provided in every 
upstream optical links leading from the output Interfaces of the adjoining optical 
communication devices to the input interfaces of the own device, between the 
interfaces of the adjoining optical communication devices for the every upstream 

% optical links and directed In the direction opposite to the control channel in the 

M downstream optical links. 

IJ[i Control channel terminators tenninate the first and second uni-directional 

% in-band control channels. 

Optical link controllers administer tiie every optical links by exchanging 
i,;; control messages through tiie control diannel tennlnatois. 

% According to another fourth aspect of the Invention, there Is provided an 

Q optical switch equipment connected with adjoining optical communication device 

Pil 

With this structure, a bi-directional in-band control channel is provided in 
every optical links leading from output interfaces to the input interfaces of the 
adjoining optical communication devices, between the interfaces of the adjoining 
optical communication devkses for the every optteal links. 

A control channel temiinator tenninates the bi-directional in-band control 
channel. 

Optical link controllers administer the every optical links by exchanging 
control messages through the control channel terminators. 

Specifically, in the communication network according to this invention, an 
optical link section as an intennediate administrative hierarchy between an optical 
multiplex section and an optical patii relay section is deflned at a portion of an 
optical link leading from the output interfaces of an oph'cal switch equipment to tiie 
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input interfaces of an adjoining optical switch equipment, and In-band control 
channels are provided for every optical links between the optical switch 
equipmenis and the optical multiplex section. 

This In-band control diannel executed the actions to exchange the optical 
link attributes specified by the output interfaces of the optical switch equipment, 
the optical link attributes specified by the optical multiplex section and the optical 
link attributes specried by the input Interfaces of the adjoining optical switch 
equipment, mutually as contn?! nrtessages. 

Therefore, the attributes of every optical linte and the mutual connection 
reiattons b^ween the Interfaces of the optk^l switch equipments can be 
autonomously discovered to thereby eliminate the troublesome or erroneous 
manual setting of the attributes of the optical links and the route table. 

In other words, in the case that at least one of two adjoining devices 
corresponds to a transparent optical switch equipment, the attributes of the. 
optical link leading from the output interfaces of the optica) switch equipment to 
the input Interfaces of the adjoining optical switch equipment and the mutual 
connection relations between the interfaces of the optical switch equipments can 
be autonomously discovered to produce the route table automatically, thus 
administering the states at the unit of optical link. 

Brief DesRrirtfion of the Dfawinf|fi- 

Fig. 1 is a block diagram showing a communication network aocoiding to 
the prior art. 

Fig. 2 is a block diagram showing a communication network according to a 
first embodiment of the invention; 

Fig. 3 is a block diagram showing an example of the construction of an 
optical switch equipment illustrated in Fig. 1; 

Fig. 4A is a diagram lowing an optical link attributes which are specified 
by an output Interface of an optical switch equipment Illustrated in Fig. 2; 
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Fig. 4B is a diagram of an optical Itnic attributes which are specified by an 
output internee of an optica! switch equipment lliustrated in Fig. 2; 

Fig. 5 is a diagram showing an example of an optical multiplex section 
illustrated in Fig. 2; 

Fig. 6A is a diagram showing an optical link attributes which are specified 
by an input interface of a WDIW transmission equipment illustrated in Fig. 2; 

Fig. 6B is a diagram of an optical link attributes which are specified by an 
output port of a WDM transmission equipment; 

Fig. 7A is a diagram showing a control message on an in-band control 
channel CC11 illustrated in Fig. 2; 

Fig. 7B is a diagram showing a control message on an In-band control 
channel CC12 illustrated in Fig. 2; 

Fig. 7C is a diagram showing a control message on an in-band control 
channel CC13 illustrated in Fig. 2; 

Fig. 7D is a diagram showing a control message on an in-band control 
channel CC14 illustrated in Fig. 2; 

Fig. 8A is a diagram showing a control message on in-band control 
channels CC16 and CC22 illustrated in Fig. 2; 

Fig. 8B is a diagram showing a control message on in-band control 
channels CC1 5 and CC21 ; 

Fig. 9A is a diagram showing a control message on an In-band control 
channel CC26 Illustrated in Fig. 2; 

Fig. 98 is a diagram showing a control message on an in-band control 
channel CC25 illustrated in Fig. 2; 

Fig. 9C is a diagram showing a control message on an in-band control 
channel CC28 illustrated in Fig. 2; 

Fig. 9D is a diagram showing a control message on an in-band control 
channel CC27 illustrated In Fig. 2; 
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Fig. 10 is a diagram showing an example of a control message to be 
transmitted Irom the optical switch equipment to the optical switch equipment 
Illustrated in Fig. 2; 

Fig. 11 is a diagram showing an example of the state transitions of an 
optical link according to a first embodiment of the Invention; 

Fig. 12 Is a flow chart showing actions of a communication network 
according to a first embodiment of the invention; 

Fig. 13 is a flow chart showing actions of a WDM transmission equipment 
lilustiated In Fig. 2; 

Fig. 14 is a flow chart showing a communication network according to a 
second embodiment of the invention; and 

Fig. 15. is a flow chart showing a communication network according to a 
third embodiment of the invention. 

Description of Preferred Emboriimpnte' 

Refening to now Fig. 2, description will be hereinafter made about a first 
embodiment of this Inventtan. Herein, a communfeation network according to a 
first embodiment of the Inventiwi is exemplffied by a portion of the communication 
network including two transparent optical switch equipments connected with each 
other tiirough an optical link, as shovwi in Fig. 2. 

An optical-link-sectlon (OLS) is an administrative hierarchy for 
administering an optical link between the adjoining optical switch equipments and 
is defined as a portion between output interfaces (IF) IFII to IF14 of an opti'cal 
switch equipment 1 and Input Interfaces (IF) IF 25 to IF28 of an optical switch 
equipment 5 and is structured by four optical links. In an optical-multiplex- 
section (OMS), individual two of the four optical links are wavelength-multiplexed 
and ti^nsmitted by a WDM (Wavelength division multiplex) transmission 
equipment 2. 
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Each of the optical switch equipments 1, 5 and the WDM transmission 
equipments 2, 4 has optical link section control softwares. Between these 
devices, uni-dlrecHonal in-band control channels CC11 to CC14 and CC25 to 
CC28 directed in the same direcfion as that of the optical path are arranged from 
the op§3al switch equipment 1 to the optical switch equipment 5. The optical 
multiplex section also includes uni-directional in-band control channels CC15, 
CC1 6, CC21 and CC22 in the same direction as that of the optical path. Further, 
a uni-directional out-band control channel directed in direction opposite to the 
optical path from the optical switch equipment 6 to the optical switch equipment 1 
is arranged so as to connect ttie optical switch equq>ments directly. 

The above descried communication networt^ Includes the optical switch 
equipments 1, 5, the WDM transmission equipments 2, 4 and an optical amplifier 
equipment 3. The optical switch equipments 1 and 5 comprise optical switch 
equipments 11 and 51. control channel tennlnators (IF) 61 and 65 ibr exchanging 
a control message on the in-band control channel, a route control software, an 
optical link section (OLS) control software and an optical multiplex section (OMS) 
control software. The WDM transmission equipment 2 has wavelength 
multiplexers 21 and 22, a control channel terminator 62, an optical link section 
control software and an optical multiplex section control software. The optical 
amplifier equipment 3 indudes optical amplifiers 31 and 32, a control channel 
terminator 63 and an optical multiplex section control software. The WDM 
transmission equipnwnt 4 comprises wavelength demultiplexers 41 and 42, a 
control channel terminator 64, an optical link section control software and an 
optical multiplex section control software. 

Referring to Fig. 3, the optical switch equipment includes: the transparent 
optical switch device 11 structured by a micro-electro-mechanical-switch (MEMS) 
or a main-dlstributlon-frame (MDF); the interfaces (input IF and output IF); the 
control channel terminator 61. a route control software, the optical link section 
control software and the optcal multiplex section control software. 
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Such an optical switch device 11 can perform general switching of plural 
wavelengths of signals at an arbitrary signal rate and in an arbitrary signal format. 
A data channel of 1 .55 micron band can be set up on the optical path. The 1 .3 
micron band is used for the in-band control channel for each optical link to 
thereby multiplex on and demultiplex from the data channel by the use of 1.55 
micron / 1.3 micron WDM couplers 12a to 12h. 

The input interfaces IF15 and IF16 and the output interfaces IF11 and 
IF12 can input/output data channels with arbitrary wavelengtfi, signal rate and 
M signal format For these four interfaces, the optical switch equipment 1 serves 

Q as the transparent optical switeh equipment. 

On the other hand, the input interface IF17 and the output interface IF14 
m are optical carrier (OC) 48 (2.5 Gbitsfe) SONET interlaces with an electric signal 

i«i processing. 

% The input interface IF1 8 and the output interface IF1 3 are 1 Gblts/s 

i.* Ethernet (GBher) interfaces with an electric Signal processing. In this event, the 

|2 optical link section control software administers the attributes of the optical link 

^ specified by these Interfaces as an optfeal Hnk attribute table. 

The control channel temiinator 61 comprises a 1.3 micron band optical 
receiver 61a, a 1 .3 micron band optical transmitter 61b connected wth the 1.3 
micron band in-band control channels CC11 to CC14, and a contn>ller61c. 

Referring to Fig. 4A, the attribute Itenra (values thereoO of the optical link 
attributes specified by the output Interfaces of the optical switch equipment 1 are 
structured by, for every output interfaces ("IFir', "IF12", "IF13" and "IF14"), an 
output optical switch No. ("1"), output IF Nos. ("1", "2", "Z" and "4"). wavelengths 
("arbitrary" and " 2. 1"), signal rates ("arbitrary", "1 Gbrts/s" and "2.5 Gblts/s") and 
signal formats ("arbitrary", "GEther" and "SONET"). 

Referring to Fig. 4B, the attribute items (values thereof) of the optfcal link 
attributes specified by the input interiiaces of the optiical switch devfee 6 are 
structured by, for the Input interfaces C'IF25". "IF26". "IF27" and "IF28"). an input 
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optical switch No. ("5"), input IF Nos. ("5", "6", '7" and "8"), a wavelength 
("arbitrary"), signal rates ("arbitrary". "2.5 Gbits/s" and "1 Gbits/s") and signal 
fomrjafs ("arbitrary", "SONET" and "GEther). 

Referring to Fig. 5, there i8 shown the detailed construction of a portion of 
the optical multiplex section shown in Fig. 2. In the optical multiplex section, as 
in Fig. 3, the In-band control channels CC11 to CC12 and CC25 to CC26 of each 
optical link are multiplexed on and demultiplexed from the data channels by using 
1 .55 micron / 1 .3 micron WDM couplers 21a, 21b, 41b and 41c. Although not 
shown, the in-band control channels CC13 to CC14 and CC27 to CC28 are 
similar to the aforementioned In-band control channels CC11 to CC12 and CC25 
to CC26. 

The In-band control channels CC16 and CC22 in the optical multiplex 
section employ a 1.51 micron band and are multiplexed on and demultiplexed 
from the data channels by using 1 .55 micron /1 .61 micron WDM couplers 21c, 
31a, 31b and 41a. Although not shown, the In-band control channels CC15 and 
CC21 are similar to the above-mentioned in-band control (^annels CC16 and 
CC26. 

An input port PT14 connected with the WDM transmission equipment 2 is 
set up so as to receive signals of wavelengths X 1 and A 3 at a signal rate of 1 0 
Gbits/s or less while an input port PT13 is set up so as to receive signals of a. 2 
and ^ 4 at the signal rate of 1 0 Gbits/s or less. The WDM transmission 
equipment 2 produces the signal having the wavelengths X^toX4 multiplexed to 
the optical amplifier 31 . This optical amplifier 31 ampfifles the input signal to 
produce for the WDM transmission equipment 4, and the In-band control channel 
CC16 becomes the in-band control channel CC22 while bypassing the optical 
amplifier 31 . Likewise, the in-band control channel CC1 5 becomes the in-band 
control channel CC21 while bypassing the optical amplffier 31. 

An output port PT27 connected with the WDM transmission equipment 4 
is set up so as to produce the signals of the wavelengths ;l 1 and X 3, and an 
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output port PT28 is set up so to produce the signals of 1 2 and 1 4. The optical 
link section control softwares of the WDIVI transmission equipments 2 and 4 
administer the attributes of the optical linlcs specified by these ports, as the optical 
linl< attribute table. 

As illustrated in Fig. 5, the \NDM transmission equipment 2 comprises the 
wavelength multiplexer 21, the control channel tenninator 62, the optical lini< 
section confrol software and the optical multiplex section control softvrare. The 
WDM transmission equipment 4 includes the wavelength demultiplexer 41, the 
control channel tenninator 64, the optical linl< section control software and the 
optical multiplex section control software. Further, the optical amplifier 
equipment 3 has the optical amplifier 31 , the control channel tenninator 63 and 
the optical mult^lex section control software. 

Here, the control channel terminator is composed of a controller 62a, a 
1.3 micron band optical receiver 62b and a 1.51 micron band optical transmitter 
62c. Further, the control channel terminator 63 is structured by a controller 63a, 
a 1.51 micron band optical receiver 63b and a 1.51 micron band optical 
transmitter 63c. Moreover, the control channel terminator 64 is constructed of a 
controller e4a, a 1.51 micron band optical receiver 64b and a 1.3 micron band 
optical transmitter 64c. 

Referring to Fig. 6A. the attribute items (values thereof) of the optical link 
attributes specified by the input ports of the wavelength multiplexers 21 and 22 
are constructed, for every input ports ("PT11". •'PT12", TT13" and "PT14"), of 
wavelengths 2", "Xr, »;12, A4" and "11,13"), signal rates ("40 Gbits/s or 
less" and "10 Gblts/s or less"), a signal format ("art)itrary"), and optical multiplex 
section (QMS) group Nos. ("2" and "1"). 

Refening to Fig. 6B, the attribute items (values thereof) of the optical link 
attributes specified by the output ports of the WDM transmission equipments 41 
and 42 are constructed, for every output ports ("PT25", "PT26", "PT2r' and 
"PT28"), of wavelengths 1", "12". "X1,XZ" and "X2, 14"), signal rates ("40 
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Gbits/s or less" and "10 Gbits/s or less"), a signal format ("arbftrary"), and optical 
multiplex section (OMS) group Nos. ("2" and "1"). 

The optical multiplex section group Nos. are the identification numbers of 
the optical link groups which are multiplexed by the WDM transmission 
equipments 2 and 4 and are transmitted on the common optical fibers via the 
optical amplifiers 31 and 32. 

Refening to Figs. 7A to 7D, there are shown the control messages which 
are transmitted on the in-band control channel from the optical switch equipment 
1 the OMS, 

Fig. 7A shows the control message on the in-band control channel CC11 
{l.e., the output interface IF11 -* tiie input port PT14); Fig. 7B shows the control 
message on the in-band control channel CC12 (i.e., the output interface IF12 
the input port PT13); Fig. 7C shows the control message on the in-band control 
channel CC13 (i.e., the output interface IF13 -» the input port PT12); and Fig. 7D 
shows the control message on the in-band cortrol channel CC14 (i.e., the output 
interface IF14 ->■ the Input port PT11). 

In Fig. 7A, the attribute items (values thereof) stored in the control 
message on the In-band control channel CC11 are an output optical switch No. 
("I"), an output IF No. ("1"), a wavelength ("arbitrary"), a signal rate ("arbitrary") 
and a signal format ("arbitrary"). 

In Fig. 7B, the attribute items (values thereof) stored in the control 
message on tiie in-band control channel CC12 are an output optical switch No. 
("1"), an output IF No. ("2"), a wavelength farbitrary"), a signal rate C'arbitrary") 
and a signal format ("arbitrary"). 

In Fig. 7C, the attribute items (values thereof) stored in the control 
message on the In-band control channel CC13 are an output optical switch No. 
C'1"). an output IF No. ("3"). a wavelength (U 1"), a signal rate fl Gbits/s") and a 
signal fomiat ("GEther"). 
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In Fig. 7D, the attribute items (values thereof) stored in the control 
message on the in-band control channel CC14 are an output optical switch No. 
ri"). an output IF No, r4"), a wavelength f X 1"), a signal rate ("2.5 Gblts/s") and 
a signal format ("SONET"). 

Referring to Figs. 8A and 8B, there is shown the control message to be 
transmitted on the in-band control channel in the optical multiplex section (OMS). 
Fig. 8A $hows the control message on the in-band control channels CC16 and 
CC22 (i.e., the input ports PT14 and PT13 the output ports PT27 and PT28), 
^ and Fig. 8B shows the control message on the in-band control channels CC15 

J;;J and CC21 (l.e., the Input ports PT12 and PT11 -* the output ports PT25 and 

i PT2e). 

W 

111 F'9- 8A, the attribute items (values thereof) stored In the control 

Tiessage on the in-band control channels CC16 and CC22 are an output optical 
. switch No. ("1 "), output IF Nos. ("1 " and "2"). wavelengths (" ;L 1 . ;i 3" and " A 2. 1 

j: ■ 4"), a signal rate C ^ 1 0 Qblts/s"). a signal fbmiat ("arbltraiy") and an optical 

W multiplex section (OMS) group No. ("1 "). 

P In Fig. 8B. the attribute items (values thereol) stored in the control 

message on the in-band control channels CC1 6 and CC21 are an output optical 
switch No. ("1"), output IF Nos. ("3" and "4"), wavelengths ("XV and "en-or^. 
signal rates fl Gbits/s" and "2.5 Gbits/s"). signal fomiats ("GEther and 
"SONET) and an optical multiplex section gioup No. ("2"). 

Refem'ng to Figs. 9A to 9D, there are shown the control messages which 
are transmitted on the In-band control channel from the optical multiplex section 
(OMS) the optical switch equipment 5. 

Fig. 9A shows the control message on the in-band control channel CC26 
(i.e., the output port PT27 the input interface IF26); Fig. 98 shows the control 
message on the In-band control channel CC25 (i.e., the output port PT28 -» the 
input Interface IF25); Fig. 8C shows the control message on the In-band control 
channel CC28 (I.e., the output port PT25 -> the input interface IF28),- and Fig. 9D 
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shows the control message on the in-band (X)ntrol diannel CC27 (i.e., the output 
portPT26 the input interface IF27). 

In Fig. 9A, the attribute items (and their values) stored in the control 
message on the in-band control channel CC26 are an output optical switch No. 
("1"), an output IF No. ("1"), wavelengths A 3"), a signal rate ("^10 Gbits/s"), 
a signal format ("arbitrary") and an optical multiplex section {QMS) group No. 
("1"). 

In Fig. 9B, the attribute items (values thereof) stored in the control 
message on the in-band control channel CC25 are an output optical switch No. 
C'1"), an output IF No. ("2"), wavelengths C'X2, 14"), a signal rate ("^10 Gbits/s"), 
a signal fomiat farbitrary") and an optical multiplex section (OMS) group No. 
("1"). 

(n Fig. 9C, the attribute items (values thereoO stored in the contrx>l 
message on the in-band control channel CC28 are an output optical switch No. 
("1"), an output IF No. ("3"), a wavelength C A 1"), a signal rate ("1 Gbits/s"), a 
signal format ("GEther") and an optical multiplex section group No. ("2"). 

In Fig. 9D, the attribute items (values thereoO stored in the control 
message on the in-band control channel CC27 are an output optical switch No. 
("r"), an output IF No. ("4"), a wavelength ("error"), a signal rate ("2.5 Gbits/s"), a 
signal format ("SONET") and an optical multiplex section group No. C'2"). 

Referring to Fig. 10, there is shown the contn3l message which is 
transmitted on the out-band control diannel from the optical switch equipment 5 
-* the optical switch equipment 1. 

In Fig. 10, the attribute items (values thereof) stored in this control 
message are an output optical switch No. ("1"), output IF Nos. ("1", "2", "3" and 
"4"). wavelengths (" ;l 1, ;l 3". "12,14^1 1" and "enon, signal rates ("^10 
Gbits/s", "1 Gbits/s" and "2.6 Gbits/s"), signal fonnats ("arbitrary", "GEther" and 
"SONET"), optical multiplex section (OMS) group Nos. ("1" and "2"), an input 
optical switch No. ("2^ and input IF Nos. ("6", "5", "8" and T'. 
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With reference to Figs. 2 to 13, description will be made about the actions 
for automatically discovering the attributes of the optical link of the communication 
network aoconSing to the first embodiment olVne Invention and the actions for 
administering the state at the unit of optical link. 

The individual optical links are initialized (as referred to "a" of Fig. 11) (at 
Step SI of Fig. 12) just after ON and are transited to the standby state (as 
referred to "b" of Fig. 11) (at Step S10 of Fig. 12) if the discovery of their attributes 
is succeeded in the following procedure. 

Subsequently, the optical link attribute table (as referred to Fig. 4) 
administered by the optical link section control software of the optical swttch 
equipment 1 is transmitted for each optical link from the output interfaces IF11 to 
IF14 to the WDM transmission equipment 2 of the optical multiplex section via the 
in-band control channels CC1 1 to CC14 (at Step S2 of Fig. 11). In Figs. 7A to 7D, 
there are shown the contents of the control message which is stored with the 
attribute items of the optical link attribute table and their values. 

When the WDM transmission equipment 2 of the optical multiplex sectwn 
receives the control message, It compares the control message with the optical 
link attribute table (as refemsd to Fig. 6) administered by its own optical link 
section control software, and reconstructs a control message stored vwth the 
attribute Items and their values (at Step S3 of Fig. 12). The control message 
reconstructed is further transmitted to the optical amplifier equipment 3 via the in- 
band control channels CC15 and CC16 (at Step S4 of Fig. 12). 

The following three s^s are done In the procedure of ttie reconstruction 
of the control message. In the first case where a new attribute Item other than 
those of the received control message exists in the optical link attribute table of 
the device Itself (at Step S11 of Fig. 13), the attribute items and their values are 
added therein (at Step S12 of Fig. 1 3). As a result, the optical multiplex sedton 
group No. is added to ttie control message. 
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In the second case where an overlapping attribute item exists between 
the optical link attribute table of the device Itself and the received control message 
(at Step S13 of Fig. 13). it is decided (at Step S14 of Fig. 13) by computing 
whether or not common portions are in the values of the overlapping attribute 
items. If this answer is YES, the values of the werlapping attribute items are 
updated to the values of the common portions (at Step SI 5 of Fig. 13), As a 
result, the wavelengths, the signal rates and the signal fomiats are restricted to 
the narrower ones. 

On the contrary, in case of no common portion (at Step S14 of Fig. 13). 
the optical link makes an enor upon the attribute items so that it cannot be 
transited to the standby state (at Step 816 of Rg. 1 3). 

In the third case, the plurality of control messages for the individual 
optical links to be multiplexed are multiplexed to one (at Step S15 of Fig. 13) just 
as the optical links are multiplexed by the wavelength multiplexers 21 and 22. 
Fig. 8 shows the contents of the control ntessages to be transmitted on the in- 
band control channels CC15 and CCie In the optical multiplex section. The 
error on the aforementioned attribute items Is also described as the value of the 
attribute Items In the control message, as shown in Fig. SB. 

The optical amplifier equipment 3 has no optical link section control 
software so that it transmits the control message without being reconstructed to 
the subsequent optical amplifier equipment (or the subsequent device) at Step S5 
of Fig. 1 2). The WDM transmisskin equipment 4 and the optical switch 
equipment 5 having the optical link sectfon control software reconstmct the 
aforementioned control message (at Steps S6 and S7 of Fig. 12). By refening 
the control message reconstructed by the optical switch equipment 5, ttie 
common portions of all the attribute items of the optical link and their values can 
be collected from the optical link attribute tables spedfled by the individual 
devices, by administering the optical link section oontr^)i softwares of the optical 
switch equipments 1 , 6 and the WDM transmission equipments 2, 4. As a result, 
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by ttie transmissions of the aforementioned oontrol messages, the attributes of 
the optical links common in the optical linic attribute table, as specified by the 
respective devices, can be automatically discovered (at Step S8 of Fig. 12). 

The optical switch equipment 5 transmits the collected attributes of the 
optical link altogether to the optical switch equipment 1 (at Step S9 of Fig* 12). 
Figs. 9A to 9D show the contents of the control message to be transmitted on the 
in-band control channels CC26 to CC28 from the optical multiplex section to the 
optical switch equipment 5. Moreover, Fig. 1 0 shows the contents of the control 
message to be transmitted on the out-band control diannel finom the optical 
switch equipment 5 to the optical switch equipment 1 , 

Here, the en^or information shown in Fig, 9D can be employed in the route 
computations and the administrations of the communication network by notifying 
itself to the (not-shown) optical switch equipment positioned at the previous stage 
of the optical switch equipment 1 and tiie (not-shown) administration device of the 
communication network through the aforementioned control channel. 

By the procedure thus iar described, the route control software can 
produce the route table on the basis of the correlations of the optical switch 
equipments 1 and 5, as derived from the conresponding relation between the 
output interfaces and the input interfaces contained in the attributes of the optical 
link automatically discovered by the optical switch equipments 1 and 5. 

When the optical link having its attributes discovered is put Into ttie 
standby state (as referred to "b" of Fig. 11) (at Step S10 of Fig. 12), it is enabled to 
take the operating state (as referred to "c" of Fig. 11) by set uptlng the optical path. 
In case that the attribute items have no common portions in their portions so that 
the error occurs or in case a fault is detected either in the control channel or in the 
data channel in the operating state, the optical link is put into the initial state. 
Consequently, it cannot set up the optical patii thereon. The optical link sectton 
control software of the optical switch equipments 1 and 5 administers the state 
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transition at the unit of optical link to decide whether or not the optical path can be 
set up or released. 

By thus defining the optical link section and providing the in-band control 
channel for each optical link between the optical switch equipments 1 and 5 and 
the optical multiplex section, the mutual connection relations between the 
attributes for each optical link and the Interfaces of the optical switch equipments 
1 and 6 can be autonc»nously discovered to tfiereby eliminate the troublesome or 
eroneous manual setting up of the attributes of the optfcal link and the route 
table. 

The uni-directional out-band control channel connecting the optical switch 
equipments 1 and 5 directly, as shown in Fig. 2, can be replaced by a series of 
out-band control channels In which the control channel terminators adjoining In 
the direction opposite to the optk^i link are sequentially connected with each 
other, while including the control channel terminators 62 to 64 in the optical 
multiplex sectbn. 

Moreover, the out-band control channel is not in uni-directional but may 
be bi-directional. Another replacement is a bi-directional out-band control 
channel network In which the control message Is transmitted by using the 
adjoining optical switch equipment Nos. as the destination address to connect the 
optical switch equipments 1 and 5 with eadi other. 

The in-band control channels shown in Figs. 3 and 5 can use wavelength 
bands other than 1 .3 micron band and 1 .51 micron band. Further, the same 
1 .55 micron band as that of the data channel can also be used by replacing the 
WDM couplers 12a to I2h by couplers or 1 x 2 optfcal switches and by employing 
the optical switches In a switching manner. In this case, only the control channel 
can be employed in the Initial state and in the standby state, and only the data 
channel can be employed in the operating state, but no feult arises in the 
discovery of the attributes of the optical link and in the state administration at the 
unit of optical link. 
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In addition, the aforementioned 1x2 optica] switches can also be omitted 
by connecting the optical transmitter for the control channel with the input 
Interface of the optical switch equipment and by utilizing the switching function of 
the optical switch equipment to switch the control channel and the data channel 
Still moreover, the functions of the four optical transmitters of the control 
channels CC11 to CC14. as provided for every four optical links shown in Fig, 3, 
can be realized, by using one optical transmitter and 1 x 4 optical switches. In 
consequence, the 1 x 4 optical switches are shared among the control channels 
by switching them for every constant time periods. This realization can also be 
rnade for the optical receiver 
f\ V\fith reference to Fig. 2, description has been made about the actions to 

ill automatically discover the attributes of the optical links of the case where the 

g WDM transmission equipments 2 and 4 and the optical amplifier equipment 3 are 

;^ anranged between the adjoining optical switch equipments 1 and 5. However. 

H these actions to discover the attributes of the optical links automatically can also 

m 

I be applied to the case that the output interfaces of the optical switch equipment 1 

fil and the input interfaces of the optical switch equipment 5 are connected directly 

but not thnDugh the WDM transmission equipments 2 and 4. 

In this case, the control message is transmitted on the control channels, 
as directly connected between the interfaces of the optical switch equipments 1 
and 5. from tfie opticaJ switch equipment 1 to the adjoining optical switch 
equipment 5. Not through the WDM transmission equipments 2 and 4, there is 
neither any attribute that is specified by the optical multiplex section, nor is 
reconstructed the control message in the optical link section contnji software. 
Moreover, these actions to discover the attributes of the optical links automatically 
can be applied not only between the adjoining switch devices 1 and 5 but also 
between the optical switch equipment and a client device connected thereto. 
The optical switch equipment 1 shown in Fig. 3 uses the transparent 
optical switch device 11 which can be replaced by a wavelength switch device 
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composed of a plurality of wavelength converters of variable output wavelengths. 

Further, the optical swrtch equipmertt can be exemplified by any device that is 

packaged with the route control software. 

Moreover, an attribute item $uoh a$ priority may be added to the attribute 

items of the optical links shown in Fig. 4. For the wavelength. It is possible to 

employ not only the physical wavelength or frequency value but also a 

predetermined logical wavelength No. 

To the attribute items of the optica! links shown in Fig, 6, there can be 

added the attribute items of kinds due to the distance in the optical multiplex 
2 section (e.g., the distance between the WDM transmission equipments 2 and 4) 

III or the characteristics of the optical fibers (e.g., the dispersion or loss), in this 

% oase» the addition of the attribute items makes it possible to compute the route of 

I 

^ the shortest distance or the minimum loss or to process the disperse • 

I compensation. Herein, the interface Nos. and the optical link Nos. of ttie optical 

switch equipment and the wavelength Nos. to be transmitted in the optical links 
111 may not be limited to those of the examples shown in Figs. 4A and 4B and Figs. 

6A and 6B. 

^^ 

Referring to Fig. 14, description will be made about a second embodiment 
of the invention. In Fig. 14, the fundamental construction of the communication 
network according to the second embodiment of the Inventfon is similar to that of 
the communication network according to the first embodiment of the invention 
shown in Fig. 2. Therefore, the Identical components are designated by the 
common reference numerals. 

The communication networi^ according to the second embodiment of the 
invention is further devised on the control channels. In the communication 
networi< according to the second embodiment of the invention, specifically, bi- 
directional control channels are constructed of two uni-directional in-band control 
channels by controlling the upstream and downstream optical links altogether. 
Consequently, the out-band control channel between the control channel 
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terminators 61 and 65 of the optical switch equipments 1 and 5 shown In Fig. 2 
become unnecessary, thus simplifying the construction thereof. 

Refening to Fig. 15, description will be made about a third embodiment of 
this invention. In Rg. 15, the fundamental construction of the oommunication 
network according to the third embodiment of the Inverttion is similar to that of the 
communication network according to the first embodiment of the invention shown 
in Fig. 2. Therefore, the identical componente are designated by the common 
reference numerals. 

The communication network according to the third embodiment of the 
invention Is also further devised on the control channels. In the communication 
network according to the third embodlm^ of the Invention, specifically, a bi- 
directional In-band control channel Is set up for each optical link. In 
consequence, the upstream and downstream optical links shown In Fig, 14 need 
not be controlled altogether. It is possible to achieve the same effect with only 
the unl-dlrectional optical links as those of the communication network according 
to the second embodiment of the invention, ftjrther simplifying the construction 
thereof in comparison with the second embodiment of the invention. 

Thus, the optical link section is defined, and the in-band control channel 
for each optical link is provided between the optical switch equipments 1 and 5 
and the optical multiplex section. Thereby, the attribute information of the optical 
links can be mutually exchanged between the optical switch equipments 1 and 5 
and between the optical switch equipments 1 and 5 and the optical multiplex 
section. Therefore, the attributes of each optical link and the mutual connection 
relations between the interfeces of the optical switch equipments 1 and 5 can be 
autonomously discovered to administer the state at the unit of optical link and to 
eliminate the troublesome or erroneous manual setting of the attributes of the 
optical links or the route table. 

According to this invention, as has been described hereinbefore, In the 
communication network including the plurality of optical switch equipments 
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connected with each other ttirough the WDM transmission equipments, the 
optical link section Is defined from the output interfaces of the first optical switch 
equipment of the transmission source to the input interfaoes of the adjoining 
second optical switch equipment. Between the first and second optical switch 
equipments and the optical multiplex section, there are provided for the Individual 
optica! links the in-band control channels, through whrch the optical link attributes 
specified by the interfaces of the first and second optical switch equipments and 
the optical link attributes specified by the optksal multiplex section are mutually 
exchanged as the control messages, in case at least one of ttie adjoining two 
optical switch equipments corresponds Id the transparent optkal switch 
equipment, therefore, the attributes of the optical links leading from the output 
interfaces of the optical switch equipment to the input interfaces of the adjoining 
optical switch equipment and the mutual connection relates between the 
interfaces of the optical switch equipments can be autonomously discovered to 
produce the route table automatically thereby to administer the state at the unit of 
optical fink. 

While this invention has thus far been disclosed In conjunction with several 
embodiments thereof, it will be readily possible for those skilled in the art to put 
this invention into practice in various other manners. 
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